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AUXILIARY LEADFRAME MEMBER FOR
STABILIZING THE BOND WIRE PROCESS

RELATED APPLICATIONS

This application claims benefit of priority under 35 U.S.C.

section 119(e) of the U.S. Provisional Patent Application Ser.
No. 61/576,330 filed Dec. 13, 2011, entitled “AUXILIARY

LEADFRAME PORTION FOR STABILIZING WIRE
BOND AND AVOIDING BEND LEAD DURING HAN-
DLING,” and 1s a Continuation-In-Part Application of Co-
Pending U.S. patent application Ser. No. 12/960,268, filed
Dec. 3, 2010 and titled “AUXILIARY LEADFRAME MEM-
BER FOR STABILIZING THE BOND WIRE PROCESS,”
which 1n turn claims benefit of priority under 35 U.S.C.

section 119(e) of the then U.S. Provisional Patent Application
Ser. No. 61/266,819 filed Dec. 4, 2009, entitled “AUXIL-

IARY LEADFRAME PORTION FOR STABILIZING
WIRE BOND AND AVOIDING BEND LEAD DURING
HANDLING,” all of which are hereby incorporated by ret-

erence 1n their entirety.

FIELD OF THE INVENTION

The present invention 1s related to the field of semiconduc-
tor device manufacturing. More specifically, the present
invention relates to leadirames for stabilizing wire bond
placement and avoiding bent leads.

BACKGROUND

In general, multiterminal integrated circuit (IC) packages
are formed from a copper leadirame. FIG. 1A shows such a
prior art process. A bare copper leadirame 100 shown 1n a top
view and a bottom view 1s partially etched to pattern the
contact leads 120 and the die attach pad 110. The partial
ctching 1s able to be done in any number of ways known by the
person of ordinary skill. The contact leads 120 are generally
etched to a partial thickness portion 122 and a full thickness
portion 121. As used herein, the term ““full thickness™ gener-
ally denotes a member or structure being the same thickness
as the original monolithic metal substrate from which the
structure 1s etched. “Partial thickness” generally denotes that
the structure has been etched to a partially, so the thickness 1s
some fraction of the thickness of the original substrate. The
tull thickness portion 121 1s such that the bottom surface 123
1s exposed when the leadirame 100 1s eventually encased 1n a
mold compound. The exposed area of the full thickness por-
tion 121 1s soldered into application, such as a PC board
having several traces and contact pads for forming an electri-
cal connection with a semiconductor die (not shown) housed
within the IC package. The partial thickness portion 122
extends away from the die attach pad 110. A plated portion
124 at the end of the contact lead 120 closest to the die attach
pad 110, or the proximal end, receives a wire bond (not
shown) for forming an electrical connection with a semicon-
ductor die. As a result, an electrical connection 1s formed
between the semiconductor die and the bottom surface 123 of
the contact lead 120.

FIG. 1B shows a cross section of the copper leadirame 100
and the contact leads 120. A semiconductor die 111 1is
mounted on a top surface of the die attach pad 110. Bond
wires 142 are mounted from the semiconductor die 111 to the
partial thickness portion 122 of the contact lead 120. How-
ever, as shown 1n FIG. 1C, because of the flexible nature of
most metals including copper, the partial thickness portion
122 bends when a capillary 140 attempts to place the bond
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wire 142 onto the plated end 124. Theretore, as shown in FIG.
1D, the partial thickness portion 122 rebounds and may cause

the bond wire 142 to lift before a proper weld can be estab-
lished. As a result, the entire device 1s generally scrapped, as
the time-cost of repair can outweigh the cost of a new unat.
Furthermore, as shown 1n FIG. 1E, the partial thickness por-
tions 122' can easily become bent or destroyed due to
improper handling. Again, the leadirame 100 with the bent
contact leads 120' 1s scrapped. Such scrap adversely atlects
manufacturing vield. It 1s well known that the semiconductor
industry 1s highly cost driven, and any phenomenon that
causes lower than optimum yield causes manufacturing costs
to 1increase. To that end, i1t 1s highly desirable to optimize
manufacturing yield.

SUMMARY OF THE DISCLOSUR.

L1

What i1s provided 1s a leadirame substrate having contact
leads and an auxiliary support member for preventing bend-
ing of the contact leads during handing and manufacturing.
Preferably, the auxiliary support member 1s integrally formed
with the leadirame in an etching process. The auxiliary sup-
port member provides support for the contact leads to prevent
bending of the leads during a manufacturing step and also
prevents damage to the contact leads during handling. The
auxiliary support member 1s removed by a later processing
step when no longer needed, thereby electrically 1solating all
of the contact leads with respect to each other. As a result, a
more robust bond wire connection can be made without dam-
aging the contact leads. As a result, yield 1s improved with
respect to contact leads that are bent or destroyed during
handling and manufacturing.

In a first aspect of the mvention, a semiconductor package
comprises a die attach pad and at least one semiconductor die
coupled with the die attach pad. In some embodiments, a
groove at least partially circumscribes the die attach pad.
Preferably, the package further comprises a set of contact
leads extending outwards from the die attach pad and posi-
tioned above the groove, each contact lead having a proximal
end and a distal end and a plurality of bond wires for electri-
cally coupling the die to at least one contact pad. The groove
1s formed by the removal of the auxiliary support thereby
clectrically 1solating the contact leads. In some embodiments,
cach contact lead comprises a full thickness portion at the
distal end and a partial thickness portion at the proximal end.
Alternatively, the removal of the auxiliary support member
forms full thickness portions at the proximal ends of the
contact leads such that each contact lead comprises a contact
pad on the bottom surface of the proximal end. In some
embodiments, the groove 1s filled by an epoxy filler.

In another aspect of the invention, a method of making a
semiconductor package comprises etching a through pattern
in a metal substrate, thereby forming a die attach pad, a set of
contact leads having a first set of contact pads surrounding the
die attach pad and an auxiliary support member substantially
circumscribing the die attach pad. Then, at least one semi-
conductor die 1s mounted on the die attach pad. Then, bond
wires are placed electrically coupling the semiconductor die
to the contact leads and contact pads. Then, the leadirame,
bond wires and semiconductor die are at least partially
encased 1n a mold compound, and the auxiliary support mem-
ber 1s etched away, electrically 1solating the contact leads. In
some embodiments, forming a set of contact leads comprises
forming a full thickness portion at the distal end and forming
a partial thickness portion at the proximal end. Also, etching
away at least a portion of the auxiliary support member can
form a second set of contact pads.
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In another aspect of the invention, a leadirame for support-
ing a semiconductor die, comprises a plurality of die attach

pads arranged 1n a matrix, a set ol contact leads, each contact
lead having a proximal end and a distal end, an auxiliary
support member at least partially circumscribing each of the
die attach pads, wherein each set of contact leads 1s positioned
above the auxiliary support member. As described above, the
auxiliary support member effectuates a more robust manu-
facturing process. The auxiliary support member prevents the
contact leads from being bent during handling or during the
bond wiring process. In some embodiments, each contact
lead comprises a contact pad on a bottom surface of the distal
end and a contact pad on a bottom surface of the proximal end.
Also, each contact lead comprises a full thickness portion at
the distal end. In some embodiments, each contact lead com-
prises a partial thickness portion at the proximal end.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth in the
appended claims. However, for purpose of explanation, sev-
eral embodiments of the invention are set forth 1n the follow-
ing figures.

FIG. 1A shows a prior art leadirame.

FIG. 1B shows a prior art leadirame in cross section.

FIG. 1C shows a prior art leadirame 1in a manufacturing
step.

FIG. 1D shows a prior art leadiframe in a manufacturing,
step.

FIG. 1E shows a prior art leadframe damaged from
improper handling.

FI1G. 2A shows a top view of a leadirame according to some
embodiments.

FIG. 2B shows a bottom view of a leadirame according to
some embodiments.

FI1G. 2C shows a cross section of a leadframe according to
some embodiments.

FIG. 2D shows a processing step according to some
embodiments.

FIG. 2E shows a processing step according to some
embodiments.

FIG. 2F shows a completed semiconductor package
according to some embodiments.

FIG. 3A shows a bottom view of a leadirame according to
some embodiments.

FIG. 3B shows a processing step according to some
embodiments.

FIG. 3C shows a processing step according to some
embodiments.

FIG. 4 shows a process flowchart according to some
embodiments.

FIG. SA shows a leadirame shown from a top view and a
bottom view according to some embodiments.

FIG. 5B shows a cross section of the leadirame 1n FIG. 5A
along the line A according to some embodiments.

FIG. 5C shows an etching process for a matrix of molded
leadirames according to some embodiments.

FIG. 5D shows optional results of the etching process of
FIG. 5C according to some embodiments.

FIG. 6 A shows a leadirame shown from a top view and a
bottom view according to some embodiments.

FIG. 6B shows a cross sectional of the leadirame 1n FIG.
6 A along the line A according to some embodiments.

FIG. 6C shows optional results of the etching process of
FIG. 3B according to some embodiments.

FIG. 7A shows a leadirame shown from a top view and a
bottom view according to some embodiments.
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FIG. 7B shows a cross sectional of the leadframe 1n FIG.
7A along the line A according to some embodiments.

FIG. 7C shows optional results of the etching process of
FIG. 3B according to some embodiments.

FIG. 8A shows a leadirame shown from a top view and a
bottom view according to some embodiments.

FIG. 8B shows a cross sectional of the leadframe 1n FIG.
8 A along the line A according to some embodiments.

FIG. 8C shows optional results of the etching process of
FIG. 5B according to some embodiments.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the embodiments
of the leadiframe method and apparatus of the invention,
examples of which are 1llustrated 1n the accompanying draw-
ings. While the mvention will be described 1n conjunction
with the embodiments below, 1t will be understood that they
are not intended to limit the invention to these embodiments
and examples. On the contrary, the mvention 1s intended to
cover alternatives, modifications and equivalents, which may
be included within the spirit and scope of the mvention as
defined by the appended claims. Furthermore, in the follow-
ing detailed description of the present mvention, numerous
specific details are set forth 1n order to more fully illustrate the
present invention. However, it will be apparent to one of
ordinary skill in the prior art that the present invention may be
practiced without these specific details. In other instances,
well-known methods and procedures, components and pro-
cesses haven not been described 1n detail so as not to unnec-
essarily obscure aspects of the present mvention. It will, of
course, be appreciated that 1in the development of any such
actual 1mplementation, numerous implementation-specific
decisions must be made 1n order to achieve the developer’s
specific goals, such as compliance with application and busi-
ness related constraints, and that these specific goals will vary
from one implementation to another and from one developer
to another. Moreover, 1t will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking of engineering
for those of ordinary skill 1n the art having the benefit of this
disclosure.

FIG. 2A shows a perspective top view leadirame 200 per an
embodiment of the current invention. The leadirame 200 can
be formed, for example, by an etching process from a mono-
lithic sheet of metal, such as copper. Etching techniques for
forming leadirames are well known 1n the prior art, and need
not be described 1n detail in this disclosure. In general, areas
in a monolithic sheet of metal that are desired to form a
particular structure are coated 1n an etch resist material or
plated in an etch resistant metal. When the monolithic sheet 1s
submerged or otherwise affected by a material that etches
metal, the undesired portions are etched away, leaving behind
desired portions protected by plating or coating. Furthermore,
etching can be done for prescribed periods of time so that only
some of the entire thickness of a monolithic sheet of metal 1s
ctched away. The leadirame 200 as formed comprises a die
attach pad 210 and a plurality of contact leads 220 that extend
outward from the die attach pad 210. Each contact lead 220
has a bond pad 224 on the top surface of a proximal end with
respect to the die attach pad 210. The bond pad 224 is gener-
ally a silver, gold, nickel, palladium plating, or any alloy
combination thereot, or plating with any other useful material
or combination of materials for effectuating the mounting of
a bond wire 1n a later processing step. The contact lead 220
turther comprises a full thickness portion 221 at a distal end
with respect to the die attach pad 210. The full thickness




US 9,355,940 Bl

S

portion 221 at the distal end and the bond pad 224 at the
proximal end are joined by a partial thickness portion 222. As
described above, a pattern in a monolithic sheet of metal can
be partially etched to form structures of varying thicknesses.
A contact pad 223 1s plated onto the bottom surface of the full
thickness portion 221 for contacting and being soldered to an
application, such as a printed circuit board. Advantageously,
the partial thickness portion 222 enables electrical connectiv-
ity between the bond pad 224 and the contact pad 223 but can
be encased 1mn a mold compound such that 1t 1s no longer
exposed 1n a later processing step, thereby shielding the par-
tial thickness portion 222 from potential short circuit or
undesired electrical contact.

The leadiframe 200 further comprises an auxiliary support
member 230. The auxiliary support member 200 at least
partially circumscribes the die attach pad 210 and can be
formed 1n a partial etching process so that 1t 1s 1ntegrally
formed with the contactleads 220. Alternatively, the auxiliary
support member 230 can be mounted or soldered inplacein a
separate processing step. Preferably, the auxiliary support
member 230 1s formed as an enclosed structure that lends
structural support to the partial thickness portion 222, and 1n
particular the bond pad 224. As shown in FIG. 2B, which
shows a bottom perspective view of the leadframe 200, the
auxiliary support member 230 circumscribes the die attach
pad 210 and supports the proximal ends of the contact leads
220. Preferably, the combined thickness of the bond pad 224,
partial thickness portion 222 and the auxiliary support mem-
ber 230 1s approximately equal to the combined thickness of
the full thickness portion 221 and the contact pad 223. There-
fore, upon operation of a wire bonding machine, the lead-
frame 200 will be substantially planar and effectuate ease of
manufacturing. Preferably, the bottom surface of the die
attach pad 210 and the contact pads 223 are plated with gold,
silver, palladium or nickel to effectuate a stronger weld when
the device 1s mounted 1nto an application, such as a printed
circuit board and also as an etch resist 1n a later etching step
for removing the auxiliary support member 230.

FI1G. 2C shows the leadframe 200 in cross section. A semi-
conductor die 215 1s mounted on the die attach pad 210. A
bond wire 225 1s connected from the semiconductor die 215
to the bond pad 224 at the proximal end of the contact lead
220. The bond wire 225 1s mounted by a capillary 240 which
exerts pressure on the bond pad 224 1n order to effectuate
suificient force as to permanently bond the bond wire 225 to
the bond pad 224. As discussed above, the partial thickness
portion 1n a prior art configuration bends under such pressure.
Advantageously, the auxiliary support member 230 provides
a normal force to the capillary 240 and prevents any bending.
As a result, the contact lead 220 does not bend and the bond
wire 225 does not detach from the bond pad 224 after the
capillary 240 1s removed.

FI1G. 2D shows an etching step for removal of the auxiliary
support member 230 after an encasing step that 1s not shown
for the sake of brevity and clarity. Molding steps are well
known 1n the art of semiconductor packaging and need not be
recounted 1n detail here. Generally, a leadframe 1n matrix
form 1s encased 1n a suitable mold compound 1n a hot liquid
state that dries and cools to form a plastic encapsulant, lend-
ing protection and support to all internal structures and ele-
ments. As can be appreciated, the auxiliary support member
230 electrically shorts all of the contact leads 220 together 1n
addition to providing support. As a result, 1t should be
removed. As discussed above, the bottom surfaces of the die
attach pad 210 and the contact pads 223 are plated 1n an etch
resistant material, whereas the bottom surface of the auxiliary
support member 230 1s left exposed. In general, the leadframe
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210 1s formed 1n a matrix 250 having a plurality of leadirames
200A, 200B, 200C and 200D {for greater throughput during
the manufacturing process. The matrix 250 1s submerged 1in a
vat 260 having an etching solution 270 that acts on the metal
from which the leadirame 200 was formed, preferably cop-
per. F1G. 2E shows the encased leadirame 200 after an etch-
ing step. The etching step has sacrificed the auxiliary support
member 230. In FIG. 2E, the bottom surface of the leadframe
200 1s shown with a groove 235 1n place of the support
structure 230 of FIGS. 2A-2D. The support structure 230 1s no
longer needed as the contact leads 230, including the partial
thickness portion 222 of FIG. 2A-2D, are encased 1n a mold
compound 201 that obviates the need for any turther support.
In some embodiments, the groove 235 1s filled 1n by an epoxy
227. The epoxy 227 can be filled by a dispenser or a screen
print over a stencil. Both methods are well known 1n the prior
art and need not be recounted here.

FIG. 2F shows an embodiment of a finished semiconductor
package 280 shown from a bottom view. The contacts 223 are
exposed along with the bottom surface of the die attach pad
210. In general, the bottom surface of the die attach pad 210
provides a low thermal resistance to withdraw waste heat
from the semiconductor die 215 of FIG. 2D. The bottom
surface of the die attach pad 210 1s generally thermally
coupled to a heat slug for that purpose. The contact pads 223
function as input/output for the integrated circuit. The groove,
now filled with epoxy 227, circumscribes the die attach pad
210. However, the person of ordinary skill having the benefit
of this disclosure will readily appreciate that the groove need
not entirely encompass the die attach pad 210. Preferably, the
bottom surtace of the semiconductor device 280 1s substan-
tially planar for effectuating proper coupling into application,
such as a printed circuit board.

In some applications, more contact points are needed
between a semiconductor device and an application to effec-
tuate a more robust electrical connection between the appli-
cation, such as a printed circuit board, and the semiconductor
device. To that end, FIG. 3A shows an alternate embodiment
of the instant invention from a bottom perspective view. A
leadirame 300 1s formed by an etching a pattern onto a mono-
lithic metal substrate as described above. FIG. 3A shows the
leadirame 300 from a bottom view. The leadframe 300 com-
prises a die attach pad 310 and a plurality of contact leads 320.
Each contact lead 320 comprises a partial thickness portion
322 and a full thickness portion 321. The full thickness por-
tion 321 1s plated with a metal such as gold, silver, nickel
palladium or the like forming a contact pad 323. Sumilarly to
the embodiment described 1n FIGS. 2A-2F, the contact pads
323 on the bottom surface of the full thickness portion 321 are
exposed when the leadirame 1s encased 1n a mold compound
in a later molding process. The leadirame 300 further com-
prises an auxiliary support member 330. The auxiliary sup-
port member 330 circumscribes the die attach pad 310 and 1s
formed under the contact leads 320. In the embodiment of
FIG. 3 A, the auxihary support member 330 comprises plated
portions 333. Preterably, the plated portions 333 are plated to
correspond to particular areas of the auxiliary support mem-
ber 330 that are directly below the contact leads 320 such that
when the auxiliary support member 330 1s sacrificed in a later
ctching step, the plated portions 333 remain and will be the
same thickness as the full thickness portions 321. Therefore,
alter a later molding process, the plated portions 333 are
exposed on a bottom surface of a resulting semiconductor
package. As a result, the plated portions 333 are usetul as a
second set of contact pads for eflectuating a more robust
clectrical connection between a semiconductor die and the
application 1n which the semiconductor device 1s placed.



US 9,355,940 Bl

7

FIG. 3B shows a matrix 350 of leadirames 300A 3008
300C and 300D undergoing an etching process for sacrificing
or otherwise removing the auxiliary support member 330.
The plated portions 333, the contact pads 323 and the bottom
surface of the die attach pad 310 are resistant to etching
solutions. As a result, the exposed portions of the auxiliary
support member 330 will dissolve when the matrix 350 1s
submerged 1n a vat 360 having an etching solution 370. What
1s left behind 1s a groove 323 intermattently filled by the plated
portions 333. Optionally, the groove 325 is filled with an
epoxy by an injection or a screen and stencil step.

FI1G. 3C shows an embodiment of a finished semiconductor
package 380 shown from a bottom view. The contact pads 323
are exposed along with the bottom surface of the die attach
pad 310. In general, the bottom surface of the die attach pad
310 provides a low thermal resistance to withdraw waste heat
from a semiconductor die, such as 215 FIG. 2D. The bottom
surface of the die attach pad 310 1s generally thermally
coupled to a heat slug for that purpose. The contact pads 323
function as input/output for the integrated circuit. The groove
325 comprises another set of contact pads 333 and circum-
scribes the die attach pad 310. However, the person of ordi-
nary skill having the benefit of this disclosure will readily
appreciate that the groove need not entirely encompass the die
attach pad 310. Preferably, the bottom surface of the semi-
conductor device 380 1s substantially planar for effectuating
proper coupling into application, such as a printed circuit
board.

FIG. 4 1s a flowchart diagram of a method 400 for manu-
facturing a semiconductor package as described 1n the pre-
ceding Figures. In a step 410, a leadirame 1s formed by
ctching a desired pattern from a monolithic metal substrate by
plating or coating desired portions of the substrate and allow-
ing the remaining portions to be sacrificed by an etching
solution. Preferably, forming a leadirame comprises forming
a die attach pad, a plurality of contact leads each having a full
thickness portion and a partial thickness portion, and an aux-
iliary support member for prowdmg support to the partial
thickness portion during a later wire bonding step. In a step
420, portions defining contact pads and the die attach pad are
plated 1 an etch resist material for a later etching step. As
described above, 1n some embodiments, the entirety of the
auxiliary support member 1s leit unplated such that the whole
auxiliary support member 1s sacrificed in a later etching step.
Alternatively, a pattern 1s etched onto the auxiliary support
member such that a second set of contact pads 1s formed when
the auxiliary support member 1s partially sacrificed 1n a later
processing step. In a step 430, a die 1s mounted on the die
attach pad. In a step 440, wire bonds are placed between
contact pads on a proximal end of each of the contact leads
and the die, thereby eflectuating electrical contact therebe-
tween. In a step 450, the leadirame, die, and wire bonds are at
least partially encapsulated 1n a mold compound. Preferably,
the bottom surfaces of the contact pads, the die attach pad and
the auxiliary support member are exposed as described
above. In a step 460, the now encapsulated device 1s sub-
merged or otherwise affected by an etching solution that
etches unplated exposed areas. In some embodiments, the
entirety of the auxiliary support member 1s sacrificed. Alter-
natively, portions of the auxiliary support member are sacri-
ficed leaving behind a second set of contact pads. Advanta-
geously, the contact pads are electrically 1solated with respect
to each other upon etching the auxiliary support member.
Optionally, 1n a step 465, the groove can be filled with an
epoxy or other suitable material through a screen printing
process using a screen stencil or epoxy dispense using a
dispenser. Although the foregoing process has been described
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in the singular, 1t 1s well known 1n the art of semiconductor
manufacturing that leadiframes are processed 1n matrix form
with each matrix having a plurality of leadiframes. To that end,
in a step 470, the matrix 1s singulated to form individual
packaged units such as the ones shown 1n FIGS. 2F and 3C.

FIGS. SA-5C show alternate embodiments of a leadirame

500 having a support structure 510. The leadirame 500 is
shown from a top view 501 and a bottom view 502. The
leadirame 500 comprises a die attach pad 530 and several
contact leads 520 that are held stationary to the die attach pad
530 by an auxiliary support structure 510. The contact leads
520 are staggered such that every other contact pad 5235 1s near
the die attach pad 530 and every other contact pad 525 1s
turther from the die attach pad 530. Such staggering of the
contact pads 325 enables greater contact pad footprint density
by enabling two rows of contact pads on a mounting surface
of the completed package (shown later). In the exemplary
embodiment of FIG. 5A, there are four auxiliary support
structures 510, one on each side of the die attach pad 530. The
several contact leads 520, support members 520 and die
attach pad 330 can be formed by partial etching processes
performed on a monolithic sheet of metal, preferably copper.
On the bottom surface of the leadframe 500, areas which
contact a final application, such as a printed circuit board
(PCB), are plated. These plated areas comprise the bottom-
most surface of the contact pads 525 and the die attach pad
530 (shown 1n grey). Generally, the embodiment of FIG. 5A
and the proceedmg Figures are directed towards any issues
which may arise due to the thickness of the leadframe 500
where a wirebond 1s to be placed.

FIG. 5B shows the leadframe 500 1in FIG. 5A in cross
section along the line A, and having a semiconductor die 535
mounted on the die attach pad 530 and electrically coupled to
the several contact leads 520 by wirebonds 336. In the close
up drawing, the die 535 i1s shown mounted to the die attach
pad 530 by an adhesive or tape 337. The wirebonds 336 are
mounted to the contact lead 520 on a plated area 505 above a
first support protrusion 521. The auxiliary support structure
510 1s formed between the first support protrusion 521 and a
second support protrusion 531 on the die attach pad 530.
When the auxiliary support structure 510 1s removed 1n a later
processing step, the die attach pad 530 1s electrically 1solated
from the several contact leads 520, which are 1n turn electri-
cally 1solated from each other. Advantageously, the wirebond
536 1s mounted on the first support protrusion 521 while the
auxiliary support structure 510 1s still 1n place so that the first
support protrusion 321 1s not bent by the force of the appli-
cator applying the wirebond 536 to therecon. The plated areas
503 on the bottom surface of the leadirame 500 correspond-
ing to the die attach pad 330 and the contact pads 325 are
exposed after the leadiframe 1s encased 1n a mold compound 1n
a later processing step. The auxiliary support structure 510 1s
not. When the molded leadirame 500 1s exposed to an etching
process, the plated areas 505 will not be affected by the
etching process and the auxiliary support structure 510 will
be removed.

FIG. 5C shows an etching process for a matrix 550 of
molded leadirames according to some embodiments. It 1s
generally understood that semiconductor devices are formed
in matrix arrangements for greater manufacturing through-
put. In the close up view 549, it 1s shown that the mold
compound 540 surrounds and covers the bottom surface of
the leadirame 500 except for the bottom surfaces of the aux-
iliary support structure 310 and the plated areas (the die attach
pad 330 and the contact pads 525). The auxiliary support
structure 310 1s not plated and thus 1s exposed to the etching
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process. In this example, the matrix 550 1s lowered into a vat
551 having etching solution 552 therein.

FIG. 5D shows optional results of the etching process of
FIG. SC. The before etching view on the left side of FIG. 5D
shows a zoomed 1n view 599 and a cross section view 598 of
the matrix 550 of FIG. 5C before the etching process has
occurred. The die attach pad 330 and contact pads 325 are
plated 505, but the auxiliary support structure 510 1s not
plated. FI1G. 5D presents two exemplary etching options. The
first etching option #1 1s a partial thickness etching, removing
only the auxiliary support structure 510, as shown 1n the
middle zoomed 1n view 599A and the middle cross sectional
view S98A. A simple rectangular groove 511 1s formed upon
removal of the auxiliary support structure 510. A bottom
surface of the tip 521' of the first support protrusion 521 1s
exposed by the groove 511. Sitmilarly, a bottom surface of the
tip 531' of the second support protrusion 331 i1s also exposed
by the groove 511. The groove 511 can be filled with an
epoxy, mold compound, or any other material. The second
ctching option #2 1s a full thickness etching, removing the
auxiliary support structure 510 and the tips 521" and 531', as
shown 1n the right zoomed 1n view 53998 and the right cross
sectional view 598B. In this example, a groove 512 1s formed
by the removal of the auxiliary support structure 510. Addi-
tionally, two additional voided areas 512' are formed. The tip
521" of the first support protrusion 521 along with the tip 531°
ol the second support protrusion 531 are etched away to form
the additional voided areas 512'. Stated differently, the entire
thickness of the leadirame 500 1s etched through. The voided
areas 512 and 512' can be filled with an epoxy, mold com-
pound, or any other material, or leit empty.

FIG. 6 A shows an alternate embodiment of a leadirame
600 shown from a top view 601 and a bottom view 602.
Although “top” and “bottom” are discussed herein this
embodiment and others, 1t 1s understood that a “top” surface
1s where a die 1s eventually mounted and a “bottom™ surface
1s where the finished IC package 1s mounted to an end appli-
cation, such as a PCB. “Top” and “bottom” are used for the
sake of convenience but are not intended to limit any embodi-
ment to cardinal directions or orientation. Similarly to FIG.
5A, the plated areas comprise the bottommost surface of the
contact pads 625 and the die attach pad 630 (shown 1n grey).
In the example of FIG. 6 A, a each contact lead 620 couples to
and shares an auxiliary support structure 610. The auxihary
support structure 610 1s integrally formed with the contact
leads 620 and does not contact the die attach pad 630. Further,
the die attach pad 630 comprises one or more supporting legs
633 for preventing the leadirame 600 from bending or break-
ing especially along the auxiliary support structure 610.

FIG. 6B shows the leadirame 600 in FIG. 6 A 1n cross
section along the line A, and having a semiconductor die 635
mounted on the die attach pad 630 and electrically coupled to
the several contact leads 620 by wirebonds 636. In the close
up view, the die 635 1s shown mounted to the die attach pad
630 by an adhesive or tape 637. The wirecbonds 636 arc
mounted to the contact lead 620 on a plated area 605 above a
first support protrusion 621. The auxiliary support structure
610 1s formed between the first support protrusion 621 and a
second support protrusion 631 on the die attach pad 630. In
the exemplary embodiment of FIGS. 6 A-6D, the auxiliary
support structure 610 1s not attached to the second support
protrusion 631. When the auxiliary support structure 610 1s
removed 1n a later processing step, the several contact leads
620 are electrically 1solated from each other. Advantageously,
the wirebond 636 1s mounted on the first support protrusion
621 while the auxiliary support structure 610 is still in place
so that the first support protrusion 621 1s not bent by the force
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of the applicator applying the wirebond 636 to thereon. The
plated areas 605 on the bottom surface of the leadframe 600
corresponding to the die attach pad 630 and the contact pads
625 are exposed after the leadirame 1s encased 1n a mold
compound 1n a later processing step. The auxiliary support
structure 610 1s not. When the molded leadirame 600 1s
exposed to an etching process, the plated areas 605 will not be
alfected by the etching process and the auxiliary support
structure 610 will be removed.

FIG. 6C shows optional results of the etching process of
FIG. 5B with the leadframe 600. The before etching view on
the left side of FIG. 6C shows a zoomed 1n view 699 and a
cross section view 698 of the matrix 550 of FIG. 5C before an
etching process. The die attach pad 630 and contact pads 625
are plated 605, but the auxiliary support structure 610 1s not
plated and the mold 640 1s in between. FIG. 6D presents two
exemplary etching options. The first etching option #1 1s a
partial thickness etching, removing only the auxiliary support
structure 610, as shown 1n the middle zoomed 1n view 699 A
and the middle cross sectional view 698A. A simple groove
611 having a rectangular cross section i1s formed upon
removal of the auxiliary support structure 610. In the embodi-
ment of FIGS. 6 A-6C, the groove 611 can be made more thin
than the groove 511 of FIG. 5D since the auxiliary support
structure 610 1s not integrally formed with the die attach pad
630. A bottom surface of the tip 621" of the first support
protrusion 621 1s exposed by the groove 611. The groove 611
can be filled with an epoxy, mold compound, or any other
maternal. The second etching option #2 1s a full thickness
ctching, removing the auxiliary support structure 610 and the
tip 621', as shown 1n right zoomed 1n view 699B and the right
cross sectional view 698B. In this example, a groove 612 1s
formed by the removal of the auxiliary support structure 610.
The groove 612 has an additional voided area 612'. The tip
621' of the first support protrusion 621 is etched away to form
the additional voided area 612'. Stated differently, the entire
thickness of the leadirame 600 1s etched through. The voided
area 612 and 612' can be filled with an epoxy, mold com-
pound, or any other material, or leit empty.

FIG. 7A shows yet another embodiment of a leadirame 700
having auxiliary support structures shown from a top view
701 and a bottom view 702. Similarly to FIGS. 5A and 6A, the
plated areas comprise the bottommost surface of the contact
pads 725 and the die attach pad 730 (shown 1 grey). In the
example of FIG. 7A, each contact lead 720 comprises its own
auxiliary support structure 710. Each auxiliary support struc-
ture 710 1s integrally formed between each individual contact

lead 720 and the die attach pad 730.
FIG. 7B shows the leadtrame 700 in FIG. 7A 1n cross

section along the line A, and having a semiconductor die 735
mounted on the die attach pad 730 and electrically coupled to
the several contact leads 720 by wirebonds 736. In the close
up view, the die 735 1s shown mounted to the die attach pad
730 by an adhesive or tape 737. The wirebonds 736 are
mounted to the contact lead 720 on a plated area 705 above a
first support protrusion 721. The auxiliary support structures
710 are formed between the first support protrusion 721 and
a second support protrusion 731 on the die attach pad 730. In
cross section, the leadframe 700 1s similar to the leadframe
500 of FIG. SA, shown 1n cross section 1n FIG. 5C. However,
the support structures 710 are contiguous through the die
attach pad 730 to each contact lead 720, and are not contigu-
ous with each other. When the auxiliary support structures
710 are removed 1n a later processing step, the die attach pad
730 1s electrically 1solated from the several contact leads 720,
in addition to already being electrically 1solated from each
other. Advantageously, the wirebond 736 1s mounted on the
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first support protrusion 721 while the auxiliary support struc-
tures 710 are still 1n place so that the first support protrusion
721 1s not bent by the force of the applicator applying the
wirebond 736 to thercon. The plated areas 705 on the bottom
surface 709 of the leadirame 700 corresponding to the die
attach pad 730 and the contact pads 725 are exposed after the
leadirame 1s encased 1n a mold compound 1n a later process-
ing step. The auxiliary support structures 710 are not. When
the molded leadirame 700 1s exposed to an etching process,
the plated areas 705 will not be atfected by the etching pro-
cess and the auxiliary support structures 710 will be removed.
FIG. 7C shows optional results of the etching process of
FIG. 5B with the leadframe 700. The before etching view on
the left side of FIG. 7C shows a zoomed 1n view 799 and a
cross section view 798 of the matrix 550 of FIG. 5C before an
etching process. The die attach pad 730 and contact pads 725
are plated 705, but the auxiliary support structure 710 1s not
plated and the mold 740 1s 1n between. FI1G. 7D presents two
exemplary etching options. The first etching option #1 1s a

partial thickness etching, removing only the auxiliary support
structures 710, as shown 1n the middle zoomed 1n view 799A
and the middle cross sectional view 798A. Rather than the
grooves of the embodiments of FIGS. 5D and 6C, the removal
of the auxiliary support structures 710 form voids 711. Each
void 711 formed upon removal of the auxiliary support struc-
tures 710 1s able to have a rectangular cross section. The voids
711 can have a rhomboid or rectangular shape from a bottom
view. A bottom surface of the tip 721" of the first support
protrusion 721 1s exposed by the voids 711. The voids 711 can
be filled with an epoxy, mold compound, or any other mate-
rial. The second etching option #2 1s a full thickness etching,
removing the auxiliary support structures 710 and the tips
721" and 731", as shown 1n the right zoomed view 799B and
the right cross sectional view 798B. In this example, voids
712 are formed by the removal of the auxiliary support struc-
tures 710. Additionally, two extra voided areas 712' are
formed for each void 712. The tip 721" of the first support
protrusion 721 along with the tip 731" of the second support
protrusion 731 are etched away to form the additional voided
arecas 712'. Stated differently, the entire thickness of the lead-
frame 700 1s etched through. The voided areas 712 and 712"
can be filled with an epoxy, mold compound, or any other
matenal, or left empty.

FIG. 8 A shows yet another embodiment of a leadirame 800
having auxiliary support structures shown from a top view
801 and a bottom view 802. Similarly to FIGS. 5A, 6A and
7A, the plated areas comprise the bottommost surface of the
contact pads 825 and the die attach pad 830 (shown 1n grey).
In the example of FIG. 8A, a each contact lead 820 comprises
its own auxiliary support structure 810. Each auxiliary sup-
port structure 810 1s integrally formed with each individual
contact lead 820 and does not contact the die attach pad 830.
Further, the die attach pad 830 comprises one or more sup-
porting legs 833 for preventing the leadirame 800 from bend-
ing or breaking especially along the auxiliary support struc-
tures 810.

FIG. 8B shows the leadirame 800 in FIG. 8A 1n cross
section along the line A, and having a semiconductor die 835
mounted on the die attach pad 830 and electrically coupled to
the several contact leads 820 by wirebonds 836. In the close
up view, the die 835 1s shown mounted to the die attach pad
830 by an adhesive or tape 837. The wircbonds 836 are
mounted to the contact lead 820 on a plated area 8035 above a
first support protrusion 821. The auxiliary support structures
810 are formed integrally with first support protrusion 821
and near a second support protrusion 831 on the die attach pad
830. In cross section, the leadframe 800 1s similar to the
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leadframe 600 of F1G. 6 A, shown 1n cross section in FIG. 6B.
However, the support structures 810 are contiguous with each
contact lead 820, and are not contiguous with each other or the
die attach pad 830. When the auxiliary support structures 810
are removed 1n a later processing step, the die attach pad 830
1s electrically 1solated from the several contact leads 820, 1n
addition to already being electrically 1solated from each other.
Advantageously, the wirebond 836 1s mounted on the first
support protrusion 821 while the auxiliary support structures
810 1s still in place so that the first support protrusion 821 1s
not bent by the force of the applicator applying the wirebond
836 to thereon. The plated areas 803 on the bottom surface of
the leadirame 800 corresponding to the die attach pad 830 and
the contact pads 825 are exposed after the leadirame 1s
encased 1n a mold compound 1n a later processing step. The
auxiliary support structures 810 1s not. When the molded
leadirame 800 1s exposed to an etching process, the plated
areas 805 will not be affected by the etching process and the
auxiliary support structures 810 will be removed.

FIG. 8C shows optional results of the etching process of
FIG. 5B with the leadframe 800. The before etching view on

the left side of FIG. 8C shows a zoomed 1n view 899 and a
cross section view 898 of the matrix 550 of FIG. 5C before an
etching process. The die attach pad 830 and contact pads 825
are plated 805, but the auxiliary support structure 810 1s not
plated and the mold 840 1s in between. FIG. 8D presents two
exemplary etching options. The first etching option #1 1s a
partial thickness etching, removing only the auxiliary support
structures 810, as shown 1n the middle zoomed 1n view 899 A
and the middle cross section view 898A. Rather than the
grooves of the embodiments of FIGS. 5D and 6C, the removal
of the auxiliary support structures 810 form voids 811, similar
to the voids 711 of FIG. 7C. Each void 811 formed upon
removal of the auxiliary support structures 810 1s able to have
a rectangular cross section. The voids 811 can have a rhom-
boid or rectangular shape from a bottom view. A bottom
surface of the tip 821' of the first support protrusion 821 1s
exposed by each of the voids 811. Similarly, a bottom surface
of the tip 831" of the second support protrusion 831 is also
exposed by each of the voids 811. The voids 811 can be filled
with an epoxy, mold compound, or any other matenial. The
second etching option #2 1s a full thickness etching, removing,
the auxiliary support structures 810 and the tip 821', as shown
in the right zoomed 1n view 899B and the right cross section
view 898B. In this example, the voids 812 are formed by the
removal of the auxiliary support structures 810. The voids
812 cach have an additional voided area 812'. The tip 821' of
the first support protrusion 821 is etched away to form the
additional voided areca 812'. Stated differently, the entire
thickness of the leadirame 800 1s etched through. The voids
812 and 812' can be filled with an epoxy, mold compound, or
any other material, or left empty.

The present invention has been described in terms of spe-
cific embodiments incorporating details to facilitate the
understanding of the principles of construction and operation
of the invention. The specific configurations shown and the
methodologies described in relation to the various modules
and the interconnections therebetween are for exemplary pur-
poses only. By way of example, partial thickness portions are
referenced herein. However, the person of ordinary skill hav-
ing the benefit of this disclosure will readily appreciate that
the thickness of any structure or member discussed herein
need not be precisely partial the thickness of an original
monolithic metal substrate from which the leadirame has
been etched. Rather, the partial etched portions can be gen-
eralized as partially etched portions. Such reference herein to
specific embodiments and details thereof 1s not intended to
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limit the scope of the claims appended hereto. It will be
apparent to those skilled in the art that modifications may be
made 1n the embodiment chosen for illustration without
departing from the spirit and scope of the invention.

What 1s claimed 1s:
1. A semiconductor package comprising:

a leadirame including a die attach pad and having an upper-
most leadirame surface and a lowermost leadirame sur-
face;

at least one semiconductor die coupled with the die attach
pad;

a set of contact leads of the leadirame having an uppermost
contact leads surface and a lowermost contact leads sur-
face and extending outwards from the die attach pad,
cach contact lead of the set of contact leads having a
proximal end to the die attach pad and a distal end; and

at least one auxiliary support structure of the leadirame
having a first support end, a second support end that 1s
opposite to the first support end, an interior support
surface and an exterior support surface that 1s parallel to
the interior support surface and 1s flush with a bottom
surface of the semiconductor package, wherein a portion
of the interior support surface at the second support end
1s 1n contact with the proximal end of the set of contact

leads between planes aligned with the uppermost lead-
frame surface and the lowermost leadirame surface and
between planes aligned with the uppermost contact
leads surface and the lowermost contact leads surface
such that the first support end extends beyond the proxi-
mal end towards the at least one semiconductor die.

2. The semiconductor package of claim 1, wherein the at
least one auxiliary support structure 1s integrally formed with
the die attach pad and the proximal end of the set of contact
leads.

3. The semiconductor package of claim 1, wherein the at
least one auxiliary support structure 1s integrally formed with
the die attach pad and the proximal end and at least one of the
contact leads in the set of contact leads.

4. The semiconductor package of claim 1, wherein the at
least one auxiliary support structure 1s integrally formed with
the proximal end of the set of contact leads.

5. The semiconductor package of claim 1, wherein the at
least one auxiliary support structure 1s integrally formed with
the proximal end and at least one of the contact leads 1n the set
ol contact leads.

6. The semiconductor package of claim 1, wherein each
contact lead comprises a full thickness portion at the distal
end, the full thickness portion having an exposed contact pad.

7. The semiconductor package of claim 1, wherein each
contact lead comprises a contact pad on a bottom surface of
the distal end.

8. The semiconductor package of claim 7, wherein each of
the contact pads 1s coated with an etching resistant material.

9. The semiconductor package of claim 1, wherein an
exposed surface of the die attach pad 1s coated with an etching
resistant matenal.

10. The semiconductor package of claim 1, wherein an
exposed surface of the at least one auxiliary support structure
1s not coated with an etching resistant material.

11. The semiconductor package of claim 1, wherein the
bottom surface of the semiconductor package 1s planar.
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12. The semiconductor package of claim 7, wherein the
bottom surface of the die attach pad and bottom surfaces of
the contact pads define a planar bottom surface of the pack-
age.
13. A method of fabricating a semiconductor package com-
prising;:
ctching a through pattern 1n a metal thereby forming a die
attach pad, a set of contact leads having a first set of
contact pads surrounding the die attach pad and at least
one auxiliary support member positioned between the
die attach pad and the set of contact leads, wherein the
die attach pad has an uppermost attach pad surface and a
lowermost attach pad surface, the set of contact leads
have an uppermost contact leads surface and a lower-
most contact leads surface, and the at least one auxiliary
support member ncludes a first support end, a second
support end that 1s opposite to the first support end, an
interior support surface and an exterior support surface
that 1s parallel to the interior support surface, wherein a
portion of the interior support surface at the second
support end 1s in contact with the proximal end of the set
of contact leads between planes aligned with the upper-
most attach pad surface and the lowermost attach pad
surface and between planes aligned with the uppermost
contact leads surface and the lowermost contact leads
surface such that the first support end extends beyond the
proximal end towards the at least one semiconductor die;

mounting at least one semiconductor die on the die attach
pad;

mounting bond wires for electrically coupling the at least

one semiconductor die to at least one contact pad;
at least partially encasing the semiconductor die, bond
wires and contact pads in a mold compound while leav-
ing one surtace of the metal substrate exposed; and

ctching away at least a portion of the auxiliary support
member thereby forming a void.

14. The method of claim 13, wherein the at least one
auxiliary support structure 1s integrally formed with the die
attach pad and the proximal end of the set of contact leads.

15. The method of claim 13, wherein the at least one
auxiliary support structure 1s integrally formed with the die
attach pad and the proximal end and at least one of the contact
leads 1n the set of contact leads.

16. The method of claim 13, wherein the at least one
auxiliary support structure 1s integrally formed with the
proximal end of the set of contact leads.

17. The method of claim 13, wherein the at least one
auxiliary support structure 1s integrally formed with the
proximal end and at least one of the contact leads in the set of
contact leads.

18. The method of claim 13, wherein forming a set of
contact leads comprises forming a full thickness portion at the
distal end.

19. The method of claim 13, further comprising filling the
voilds with an epoxy.

20. The method of claim 19, wherein filling the voids with
epoxXy comprises a stencil step.

21. The method of claim 19, wherein filling a voids with
epoxy comprises a nozzle filling step.

22. The method of claim of claim 13, further comprising,
alter etching away at least a portion of the auxiliary support
member, etching away at least a portion of the die attach pad
and at least a portion of the set of contact leads.
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